I n the year 1860 an official re p o rt m ade by m e on th e D eviations of the Compass observed in all th e Iro n -b u ilt Ships, and in a selection of W ood-built Ships in H e r M ajesty's Navy, and in th e Iro n Steam -ship 6 G re at E aste rn ,' was com m unicated by Captain W ashington, R .N ., F .R .S ., th e H y d ro g ra p h er o f th e A dm iralty, to th e Royal Society, and was p u b lish ed in th e P hilosophical T ransactions for 1860, p. 337.
A t the end of D ecem ber 1866, th e ship was com pleted in her equipm ent for tem porary service and steam ed to Sheem ess, w here she rem ained swinging to the wind and tide till th e early p a rt o f M arch 1867; w hen she steam ed to Devonport, a t which place, w ith th e exception o f two days' tria l a t sea to test the m achinery in the middle of May, she has rem ained in a dry dock w ith h e r head directed S. 84° E. m agnetic till the present tim e.
The positions o f th e compasses a t w hich observations were made were the follow ing:-Standard Compass.-T he * N orth u m b erlan d ' having been b u ilt w ith her head nearly N.E., th e m agnetism principally developed was in th e upper p a rt of the stem and star board q uarter, and it was therefore desirable th a t th is compass should be as far forward as possible. I t was accordingly placed 172 feet from th e stern, and 8f-feet above the iron deck.
Steering Compasses.-T he u p p er deck steering-w heel is 52 feet from the stern, under the fore p a rt of th e poop wooden d e c k ; two compasses were placed close in front of it 6 feet apart, each 4 feet above th e iron deck, and 3 feet 8 inches below th e iron beams supporting th e poop-deck.
Poop Compass.-This compass was placed on th e fore extrem e of th e poop-deck, and 9 inches before th e line jo in in g th e steering compasses, and 4 feet above the poop-deck.
In th e selection o f a place for these la tte r compasses th ere was no room for choice; the purangem ents of th e arc h ite ct and th e requirem ents of th e seaman could be alone con sulted.
The results of th e observations will be found in th e T able appended to this paper, and includ6 a few m ade a t tem porary positions n o t necessary to describe in detail.
For a com plete explanation of th e m eaning of th e quantities tabulated, and the m ethod of obtaining them by observation, I m ust refer to th e last of the two papers mentioned above. H e re it m ay suffice to say, th a t if £ represents th e m agnetic azim uth of th e ship s head, th e azim uth by disturbed compass, £ fhe deviation, then sin $ = 2 lc o s$ + S B sin £' + <$cos £ '+ 2 ) sin (2 £ '+ * ) + <S cos (2 £ '+ * ) exactly, or S = A + B sin ? '+ C cos f ' + D sin 2 ? '+ E cos 2?' approxim ately.
O f these coefficients 9t, £>, 6 (or A, D , E ) depend solely on th e transient magnetism induced in th e soft iron, and therefore cannot he affected by any artificial magnetization, or dem agnetization. , • ot SB (or B) depends p a rtly on th e m agnetism induced in soft iron by the earth svertica force, partly on th e perm anent or subperm anent m agnetism o f the har lr depends on th e last. I t is therefore to th e changes in SB and <S only th a t we are to look for th e effects of polarization or depolarization.
. 1 X is a factor alm ost always less th an unity,, representing the mean force, to n , affected by the soft iron in th e ship. 3 y 2 X93 is the mean force, or, in other words, the polar force of the ship, to head. X(S is the mean or polar force to starboard, X>/952 + (52 the mean or polar horizontal force of the sh ip ; each in term s of the earth's horizontal force as unit.
S is the tangent of the angle which the direction of the ship's polar horizontal force makes w ith the line drawn to th e ship's head, or the " starboard angle." uj is the mean or polar force downwards of earth and ship, in term s of the earth's vertical force as u n i t ; and depends partly on the subperm anent force of the hard iron, partly on vertical induction. /<£)_!_ tan 0 x 1° is the heeling coefficient to windward, and represents the devi ation to windward caused by an inclination of the ship of 1°, when her head is North or South by compass. The values of these coefficients, and also of a and , the coefficients of horizontal induc tion, headward and to starboard, for the several compasses are given in the General Table appended to this paper.
The character of the deviations of the standard, steering and poop compasses and of their changes, may be thus generally described.
In each, the 95 has originally a large negative value, caused by the ship having been built nearly head North, (N. 39°J E.). This gradually diminishes as she lies in the Vic toria Docks w ith her head to the South, but, as is usually found, shows a tendency to return to its original value when the ship is allowed to swing. (£, which has originally a large positive value caused by th e starboard side having been to the South, decreases, and even changes its sign in V ictoria Docks, b u t returns to its original sign and nearly to its original value when the ship swings at Sheemess.
In the poop and steering compasses down to 1st January 1867, and in the Standard compass throughout,-except for a short period while a m agnet was applied to reduce the deviation-there are no changes except w hat may be considered to be due to the ship's position, and to the other circumstances adverted t o ; b u t as regards the poop and steering compasses between 1st and 26th January, the case is different; the causes of the difference, and the inferences to be drawn from it, it is proposed now to consider.
Early in 1866, Mr. E v a n H o p k i n s * , C.E. applied for a patent for " An improved method of correcting the Deviation of Compasses in Iron Ships." In the provisional specification, dated 23rd January 1866, the method is described as " destroying the polarity acquired w hile th e ship is b u ild in g , by passing electro-currents through the hull." I n th e final specification, d ated 23rd J u ly 1866, it is described as " moving an electro-m agnet from end to end over, and in contact w ith th e m ain plates of the ship." There is some obscurity in b o th specifications, from th e patentee no t distinguishing between electric cu rre n ts and lines o f m agnetic force ; b u t w hatever may be th e m eaning of the m ethod described in th e provisional specification, it is certain th a t th a t m ethod would be u tte rly in ad eq u ate to produce any sensible effect in a large ship.
T he m ethod described in th e final specification w ould no doubt produce, wherever applied, som6 local e ffe ct; b u t th e effect produced by th e local application of m agnetic force of h ig h and rap id ly varying in ten sity m u st necessarily be wholly different from th a t which has arisen from th e gen eral application of a force o f low and uniform intensity, and th e form er cannot possibly produce any g eneral destruction of th e latter. T he pro cess is in fact n o t one o f gen eral dem agnetization, b u t of p a rtia l counter m agnetization. The resu lt w ill be an irre g u la r d istrib u tio n of m agnetism o f very variable intensity, necessarily very u n stab le, and producing, w herever effective, a rapidly varying field of force. T h e ju stic e o f these rem ark s w ill, I th in k , be show n in th e sequel.
In A p ril 1866 M r. H opkins applied to th e A d m iralty for perm ission to experim ent on the ' N o rth u m b e rla n d ,' th e larg e st and m ost heavily arm oured ship in th e Royal Navy. The ap p licatio n was in th e u su al course referred to th e M agnetic departm ent, and on a report th a t no in ju ry was to be apprehended, th e required perm ission was g ranted*.
T he first tria ls w ere m ade on th e 4 th A u g u st 1866, and are th u s described by M r. H opkins in a re p o rt dated 1 0 th A ugust, and received a t th e A dm iralty a few days afterw ards. " A fter having ascertained th e a ctu al m agnetic condition of th e ship, I applied tw o o f G rove's b a tterie s of five cells each, w ith th e electro-m agnets to th e m ain p lates a t th e stern and bow, and in a few hours th e polarity of th e h u ll was destroyed " *f*.
T h e resu lts o f th e observations shown in th e G eneral T able, I th in k entitle m e to say th at th ere is no fo undation w hatever for th e statem en t th a t th e polarity ot th e hull was destroyed; th e re is in fact no evidence of its having been affected in even th e slightest degree. To facilitate th e exam ination I subjoin th e values o f th e sem icircular deviation of th e two compasses w hich w ere m ost continuously exam ined in th e period comprising the 4 th A u g u st, viz. th e poop and starboard steering com passes; th e position of the Standard compass bein g a t th a t tim e occupied by m achinery. In each case it w ill be seen th ere is a slight decrease in th e interval comprising the 4 th A ugust, b u t th e decrease does n o t exceed h a lf th e increase in th e preceeding interval; and seems only th e recovery from an anom alous increase in July, probably attributable to some external disturbing cause o f th e n a tu re before m entioned, viz. th e proximity of th e two arm our-plated ships in th e V ictoria Docks.
T h e n ext and final tria l was m ade betw een th e 1st and 26th Ja n u ary 1867, at Sheer ness : ten or twelve days were occupied in passing large electro-m agnets along the out side o f th e ship from th e w ater-line to th e top sides. Subsequently, and apparently as an after th o u g h t,-as no m ention is m ade in eith er specification of in tern al demagnetization on so large a scale,-about five days m ore were occupied in applying th e electro-magnets to th e transverse iron beam s of th e poop and u pper deck nearest th e poop and steering compasses, and to two adjacent vertical iron stanchions supporting th e up p er deck. As no appreciable effect was produced on th e Standard compass, or on any compasses except those in th e im m ediate vicinity of th e beam s and stanchions operated on, we may have confidence in a ttrib u tin g th e change w hich took place entirely to th e latter operations.
T he following Tables, derived from th e G eneral T able, furnish th e m eans o f decidmg this question. The values of B and C in T able I. show the rem arkable am ount of accordance in the deviations of the fo u r com passes; a sim ilarity w hich clearly indicates th a t the cause of the deviations is to be sought for, n o t in th e iron in th e im m ediate vicinity of those compasses, b u t in iron a t such a distance th a t th e distance between the compasses does not m aterially affect its action on them .
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The values of B and C in Table II. show an im portant change m three of the com passes. T he value of B for the starboard steering, poop, and port steering are near y reduced to zero, showing th e introduction of a powerful force attracting to the how o the ship, or repelling from th e stern. W ith C th e case is very different: m the port compass a deviation to p o rt is produced, in th e starboard compassa deviation to star board; indicating th e introduction of a repelling force between the two. The same conclusion may be drawn, and perhaps with greater facility, from a comparison value of the quantities in columns I I I . and IV .
Wa.rd T he quantities in columns V. and V I. show th a t th e change I -0" ' 8 force on th e poop compass, and downward on the starboard steering °°®J. ' t §th a repelling force em anating from a point or region at a height " '^t h l n^l T r e^y height of the two compasses. These several comparisons show that he change w^ ready caused by a repelling force (a n orth pole) being introduced in the iron of the poop deCThea "
'o ln t r d S T o f the force so introduce!, and in the previously existing forces, will be seen distinctly by the mathematician Tables III., IV ., V.
The action of the several forces may perhaps be more clearly apprehended when they are represented graphically as in P late X X X I. In this, fig. 1 represents the projection of lines indicating the am ount and direction of the magnetic forces which act on the three compasses on the horizontal plane. Fig. 2 represents the projection of the same lines on the fore and aft vertical plane The figures are drawn to a scale in which one-fourth of an inch represents one foot, and also one-tenth of the earth 's horizontal force. The lightly dotted parts represent iron. P, Q, R represent the positions of the port, the poop, and the starboard steering com passes respectively; Pp, Qq, R r represent th e projection of lines netic forces of the ship at these positions on th e 1st January 1867; Pp', Q#', Rr' the same projection on the 26th January 1867; Pp", Q#", Rr" the projection of the addi tional forces introduced in the interval.
In fig. 1 the near approach to parallelism and equality in Pp, Q j, R r indicate a distinct cause of m agnetic force. The lines Pp", Qq", Rr" produced backwards nearly meet in a point about 5 feet abaft the poop compass; indicating th a t the additional force is introduced at or near th at point. A similar convergence of the line Q^", Rr" in fig. 2 indicates th a t the point lies in or near the poop deck, and suggests th a t it arose from the magnetization of the central part of the iron beams of the poop deck, modified possibly by some magnetization of the beams of, or stanchions supporting the upper deck.
On the 28th February, and preparatory to the ship being navigated to Devonport, the deviations and m agnetic forces were observed. The deviation of the Standard compass being too great for the safe navigation of the ship, and the deviation of the starboard steering compass being so great as to m ake it practically useless, it was necessary to reduce their semicircular deviations by the application of fixed magnets. The process employed, and which is th at generally employed in the Royal Navy, is identical with one of the two methods described by the Astronom er Royal in his well-known paper on the magnetism of iron-built ships (Philosophical Transactions, 1839, see page 196) , and may be described as follows.
The coefficients 95, (5, X being found by observation, or where necessary 95 and d being found by observation, and X being estim ated; we have Xv/952-f-(52 the tangent of the semicircular deviation when the polar force acts to the east or west of the compass, and % the tangent of the " starboard angle." I f we desire to correct the semicircular deviation completely, a m agnet of suitable size, adequate power, and proved permanence is selected from those in store at the Compass Observatory at Woolwich. The distance above or below the card at which this magnet, when placed East and W est, will produce a deviation of which the tangent is X \ / 952 -f-($2, is ascertained by actual trial. The magnet is then inserted into the pedestal of the Standard compass at the ascertained distance immediately below the centre of the card and in the direction of the starboard angle, the poles being so placed as to counteract the polar magnetism of the ship.
As in newly built ships the polar force is generally undergoing a process of gradual diminution, it is generally considered best not to correct entirely the semicircular deviation, b u t to under correct it, leaving about 5° uncorrected. This was the object sought in the application of m agnets to the * N orthum berland '; and the success with which it was effected, and th e certainty of the process, may be seen by the following comparison of the deviations on the 28th February and the 2nd March. In general no a ttem p t is made to correct th e quadrantal deviation, that deviation and the residual sem icircular deviation being th e subject of tabular correction. I may observe th a t in some cases M r. A iry's second or tentative mode of correcting, viz. by one or more fore and aft and transverse magnets, is adopted, b u t only when special cir cumstances prevent th e first m ethod being applicable. In general by the process first described, all th a t is necessary or desirable in the way o f mechanical correction can be effected.
In th e m iddle of M arch 1867, the ' N orthum berland,' as before stated, was placed in a dry dock a t D evonport, and the m agnets were rem oved; her head in dock was S. 84° E. magnetic. Such a position would, from all form er experience, and especially in a newly launched ship, be expected to increase considerably the force to starboard, or the value of (5, b u t w ithout m uch alteration in th e fore and aft force, or th e value of SB, m those compasses in w hich th e S3 and <£ were caused by the general magnetism of the hull. W e have continuous observations to th e end of 1867 strictly comparable as regards the Standard com pass; b u t as regards th e other three compasses allowance must be made for the introduction betw een A ugust and Decem ber 1867 of five iron beams to extend the lig h t poop deck before th e poop compass.
The changes in the Standard compass while the ship lay S. 84° E. are shown in the following Table. in dock with, her head These results are clearly attributable to the change in the general magnetism, of the ship due to position; the fore and aft force has been little affected, but there is a decided increase in the transverse force, = +*219.
W ith respect to the compasses affected by Mr. H o p k i n s 's process, the results are widely different:-in seven m onths (end of January to end of August), as will be seen by the following Table, at the starboard steering -S3 has increased *183, (5 having scarcely changed in value; at the poop compass -S3 has increased *281, and + (S *162; at the port steering compass -S3 has increased *098, while the 6 has increased 320; so th at the increase of the (Sin the poop compass is almost exactly the mean of the increase in the port and starboard compasses. I f we confine ourselves to the practical question of the amount of the semicircular deviation, and also of the direction of the ship s force [^starboard angleor, in other words, the direction of the neutral or zero-points of the semicircular deviation, the com parison is as follows:- From this comparison it will be seen how short lived is the apparent benefit derived from the process we have been considering.
STAFF CAPTAIN EVANS, R.N., ON THE CHANGES OF POLAR MAGNETISM
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Standard
The nature of the changes in the polar force will perhaps be more clearly appre hended if we represent them graphically, as in Plate X X X II., by taking the position of each compass as origin and laying down the points, of which XS3 and X( §, are the coordi nates, as derived from the observations on January 1st and 26th, February 28th, August 29th, and December 10th, 1867.
As regards each compass, a line drawn from the origin to one of these points repre sents in amount and direction the polar force acting on th at compass at that epoch; and a line drawn from one point to the next succeeding in order of date represents, in amount and direction, the additional polar forces acting on that compass introduced in the interval. To avoid confusion in th e figure, the lines from the origin are only drawn for the earliest date. T h e jo in ts added to these lines, therefore, represent the additional forces introduced in each interval.
This P la te shows strikingly th e contrast betw een th e comparatively small and regular changes in th e polar m agnetism of th e S tandard compass, and th e large and irregular changes in th e p o lar m agnetism o f th e o th er com passes; b u t a t th e same tim e shows strikingly th e general analogy in th e changes in these th ree compasses.
An attentive study of it w ill also show, th a t w hile th e changes in th e polar magnetism of the Standard compass are alm ost entirely from an increasing attraction to the south side of th e ship, in th e oth er compasses th is is com bined w ith an increasing attraction to, or ra th e r a dim inishing repulsion from , th e p o in t abaft th e poop compass to which a powerful n o rth pole h ad been com m unicated.
In th e interval betw een th e 2 8 th A ugust and th e 1 0 th Decem ber, a general headward force on th e th ree stem compasses is also added. 'W hat was th e cause of this force I am unable sa y ; it m ay possibly be connected w ith th e introduction of the five iron beams in fro n t o f these compasses, and th e general ham m ering to w hich th a t p art of the ship was consequently exposed.
The views w hich I have ta k e n of th e effect of th e application o f th e electro-magnets are, I th in k , strongly confirm ed by observations m ade on th e 10th Decem ber 1867, at four points su rrounding th e position of th e supposed n o rth pole produced by them .
O f these, th e position of th e poop compass was o n e ; th e second was 18 feet ahaft the poop com pass; th e th ird , 7 feet 3 inches abaft th e poop compass, and 4 feet to port of the m idship lin e ; th e fo u rth , 7 feet 3 inches abaft th e poop compass, and 4 feet to star board o f th e m idship line. T h e values of SB and (5 for these compasses were- The interpretation of which Table is that, besides the general magnetism of the ship, there is a horizontal force nearly equal to one-fifth of the earth's horizontal force, repelling the north end of each needle from a point situated nearly in the centre of the compasses. This I conceive to be the remains of the strong north pole to which I have referred, which it will be remembered affected the poop compass with a repelling force = •648, and now reduced to -200 ; so th at more than two-thirds of the force introduced in the operations of January 1867 seem to have disappeared in the course of eleven m o n th s; and the general result of these operations may be described as the introduction at a point in the poop-deck, a few feet abaft the poop compass, of a north pole acting on the compass w ith a force of nearly two-thirds of the earth's horizontal force, and which force in the course of eleven m onths diminished to about one-fifth of the earth's force, or to less than one-third of its original amount.
The effect of the forces introduced by the operations of January 1867, and of the gradual decay of these forces in the interval between January and December, is no less obvious in the heeling-errors of the different compasses. This error, it may be remem bered, is expressed by the deviation to windward produced by an inclination of the ship of 1°, when its head is N orth or South by the disturbed compass.
In the interval between the 1st and 26th January 1867, there is a diminution of the heeling-error of the poop compass from 2° T t o 0° 37', b u t an increase of the heelingerror of the starboard compass from 1° 4' to 1° 45'. The diminution is caused by the upward force on the poop com pass; the' increase by the downward force on the star board steering compass introduced in the interval.
The changes so introduced in both compasses diminish as time passes. By the 10th December th at of the poop compass had risen to 1° 14', th at of the starboard steering diminished to 0° 56'. D uring the whole of this period the heeling-error of the Standard compass is hardly altered; the slight apparent changes being not greater than can be accounted for by unavoidable errors of observation.
W e are now in a position to form an opinion as to the real nature of the changes effected by the operations of January 1867, and the advantages and disadvantages of these changes.
The process was in no sense of the word one of " depolarization," either of the whole ship or of any part of it. I t was, on the contrary, the " polarization " to a high degree of intensity of a particular portion of the iron in the neighbourhood of three of the compasses. The iron so magnetized was iron capable of receiving only subpermanent magnetism, and which from its forming part of the structure of the vessel was subject to strains and concussions from which detached magnets are wholly free. The magnetism so communicated was therefore necessarily unstable and transient, and from its liability to change suddenly and unexpectedly, was a source of danger to the vessel. So strongly was I impressed with the danger th at in an official report to the Admiralty of 31st January 1867, after a careful reduction of the observations the results of which are already given, I expressed the hope that, should further experiments be permitted in Her M ajesty's ships for depolarizing th eir hulls, the so-called " depolarization " should not be allowed " w ithin 20 feet of any compass th at may be placed for the navigation of the ship."
Nor could the effect produced, even if it had been m uch more perm anent than it proved to be, be considered an advantage. In two out of the three compasses to which it was applied th e sem icircular deviation was reduced within the lim its which make tabular corrections possible, not w ithin those which allow it to be dispensed with. In the th ird __th e starboard steering compass-the effect, though considerable, was rather a change in th e direction, than a reduction of th e am ount, of the semicircular deviation ; for it exceeded 36°, and a reduction by a m agnet was still necessary. In the two compasses in which the process was effective to the extent we have mentioned, the requisite reduction m ight have been effected w ith infinitely greater ease and certainty, as well as perm anency, by the application of a single m agnet to each compass.
In dismissing this subject it may seem th a t some apology is necessary for occupying the time of th e Society w ith the details of a process which had so little to recommend it, and w hich has proved injurious, not beneficial; it is, however, a process to which many persons looked w ith hope, and from which no one apprehended danger ; both were mis taken, and in both respects it is desirable th a t th e results of the trials should be known.
The Tables and th e discussion will also 1 hope be accepted as an interesting example of the m ethod now constantly practised in th e Royal Navy of supplem enting the obser vations made in " sw inging" a ship, by observations of deviation and horizontal and vertical force made on one azim uth.
As regards th e observations generally, the conclusions to be drawn from them , or rather which, having been already drawn from num erous other observations, are sup ported by those m ade in th e ' N orthum berland,' seem to be-1 T h at in an iron-built ship, and in th a t p a rt of h er w ithin which the Standard compass is generally placed, th e polar force is th a t from the magnetism of the whole body of th e ship, and is nearly uniform. _ 2. T h at we cannot escape from th e action of th a t force by any care in the selection of a place for the compass. . . . . 3. T h at though positions may he found where from the magnetism of particular masses o f iron counteracting th a t of the ship, the deviation will be small, yet that such positions are in general to be avoided, as the change of magnetic force in such P o tio n s will probably be larger and less regular than when the compass is on y ac e o n y general m agnetism of th e whole ship:-any attem pt to produce this c°unte™ '* by magnetizing artificially masses of iron in the vicinity of a compass is ° e jj 4 T h at f n iron-buiit ships, as at present constructed, the ship's p so great as to m ake it necessary to employ m agnets to equa ize e 1 but different azim uths of th e ship's head, even a t the necL Iity of ascertaining that the use of correcting m agnets does not dispen . . from tim e to tim e by observations, the am ount of the remaining deviations. 
B y deviation and forces on one p o in t.
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